This paper presents a systematic framework for assessing the costs of sea-level rise (SLR) and extreme flooding at the local level. The method is generic and transferable. It is built on coupling readily available GIS capabilities with quantitative estimates of the effects of natural hazards. This allows for the ex ante monetization of the main costs related to different scenarios of permanent inundation and periodic flooding. This approach can be used by coastal zone planners to generate vital information on land use, capital stock and population at risk for jurisdictions of different sizes. The simple mechanics of the method are presented with respect to two examples: one relates to the two largest coastal cities in Israel (Tel Aviv and Haifa) and the other to the Northern Coastal Strip region containing a variety of small towns and rural communities. The paper concludes with implications for coastal zone planning praxis.
Introduction
While most of the costs of sea-level rise (SLR) and extreme coastal flooding (EF) are felt at the local level, much emphasis is paid to assessing these costs at the national level. This seems to be a legacy of the IPCC Common Methodology (1992) and the follow up guidelines that emerged through the UNEP Handbook on Methods for Climate Change Impact Assessment and adaptation strategies. The assessment praxis inspired by these guidelines has invariably looked at coastal impacts of SLR and extreme flooding (through storms or tsunami-type events) in macro-spatial terms (Hinkel and Klein, 2009; Anthoff et al., 2010) . The sub-national or local level has been invariably overlooked. This is surprising given the stress these studies place on issues of vulnerability and adaptation to climate change. Paradoxically, the emphasis on vulnerability assessment at the national scale may have raised the awareness of local decision makers to the costs of SLR and extreme flooding events while concurrently driving home the lack of tools and methods available to them for assessing these costs.
The paper tries to fill this gap by presenting an applied and reproducible method that allows local authorities to assess the vulnerability of their jurisdictions. The paper shows how local planners can generate meaningful data at a high level of spatial resolution needed for rational decision making. Traditionally, coastal zone issues have been the province of geologists, ecologists and engineers. The approach presented here however is directed at a very different audience comprising urban, coastal and emergency planners charged with mediating the threats to coastal and urban development in an uncertain physical environment.
We endeavor to show how the GIS capabilities and data that are invariably available to planners can be harnessed to provide a structured and systematic framework for analyzing the economic costs of physical/natural processes as they apply at the local level. This in turn should provide meaningful information for local decision makers called on to make choices in an area in which they have had little experience. While not a 'how-to' guide, the method presented here is generic and transferable enough to be applied in different local contexts. The paper begins by surveying the current state of the art and the various tools available for assessing the impacts of natural processes at the local level. We proceed to describe the assumptions, data requirements and limitations of our approach, highlighting the resources and capabilities needed and their likely availability. Given the state of current practice, we present the simple mechanics of our evaluation approach by way of a worked example relating to the two largest cities in Israel as well as distinct region that comprises a selection of different sized small communities e the Northern Coastal strip (Fig. 1 ). We conclude with some reflections on the need for generic and accessible evaluation frameworks for coastal zone planners and the contribution of such tools to coastal zone management praxis.
Literature review
The current state of the literature encompasses a broad spectrum of tools. Much of this consists of applications of methods developed outside the context of SLR and climate change and adapted on an ad hoc basis. The result is a diverse and sometimes dichotomous toolbox. This comprises on the one hand, bespoke tools to deal with particular micro situations and on the other hand, aggregate, analytic frameworks for dealing with macro (global) scale issues. In between, there is a surprising vacuum of applicable approaches grounded in readily available platforms and providing local level information for cities and small communities trying to mitigate some of the excesses of climate change.
In terms of approaches, the literature is also dichotomized by the scale of analysis. At the micro scale there is a range of studies attempting to isolate the effect of SLR on social and economic processes which borrow from tools of economic impact analysis. For example, Bin et al. (2011) use spatial hedonic modeling to simulate outcomes of different SLR scenarios on house prices in 4 counties in South Carolina. Alternatively, Xiao (2011) illustrates the judicious use of a control groups (difference in differences) approach to estimate the impact of the 1993 flooding in the US on various Midwest counties in terms of income and job losses. Using a less-structured method but with a broader socio-economic focus, Kleinosky et al. (2007) present a case study of the impacts of hurricane storm surges to an area of southeastern Virginia comprising 16 counties. They map the various flood risk zones under different storm surge scenarios and estimate the social vulnerability of particular sub populations in the area such as the poor, disabled, immigrants, single mothers etc. In a study of SLR and storm flooding along the coast of Maine, Colgan and Merrill (2008) define coastal hazard zones on the basis of a hurricane forecasting model (SLOSH). This information is then overlaid on a geocoded data layer of economic establishments (in trade and commerce) and their employment and wages, available from institutional sources. This is done for areas at risk to both storm surge flooding and SLR inundation. Because of the particularities of their settings, their intricate data requirements and the sophistication of their approaches, the methods used in these case studies are not readily transferrable. Thus they remain as interesting prototypes but of limited application to wider contexts.
At the other end of the spectrum, a range of global scale, integrated approaches to looking at coastal vulnerability exist. For example, the DIVA framework (Hinkel and Klein, 2009 ) describes a systematic, large-scale and data-intensive approach to assessing dynamic process change along coasts. This includes geophysical, ecological and socio-economic processes and the interactions between them. The system comprises a suite of linked models for predicting river flooding, coastal erosion, salinity intrusion and socio-economic effects following different SLR scenarios. Broad projections of population and land uses types flooded under different scenarios are provided at highly aggregated spatial scales. This kind of output has provided useful to national agencies and cross-national research collaborations, for example in the PESETA study (Richards and Nicholls, 2009) . In this research effort, the DIVA model was applied to assessing the costs of mitigation and adaptation and not just for estimating coastal damage. However macro-scale models of this kind have less to offer to local level decision makers and professionals dealing with urban, emergency and coastal planning and offer little opportunity for incorporating local knowledge or the utilization of generic platforms such as GIS for analyzing local data.
In similar vein, Anthoff et al. (2010) use a highly aggregate model (the FUND model) to estimate costs of SLR at a coarse level of spatial resolution. This provides estimates of global and countrylevel welfare costs due to land loss (wet and dry lands), protection costs and costs of displaced populations. The cost calculations are grounded in the principles of costebenefit analysis and include present values of costs, different discount rates and sensitivity tests. The key insight of this approach is the inclusion of human behavioral response as a quantifiable outcome (protect or retreat) and the estimation of the relative magnitude of protection in respect to all the other SLR induced costs.
Many studies of coastal vulnerability at more localized levels use readily available platforms, data and tools (GIS, Remote Sensing data, Digital Elevation Models) but their treatment of socioeconomic impacts is limited. For example, for Bryan et al. (2001) vulnerability is identified in physical terms such as aspect, slope, elevation and physical exposure in a study of the coastal changes in the Northern Spencer Gulf in South Australia. They make extensive use of GIS techniques in order to model the spatial distribution of the physical parameters that impact on coastal processes such as inundation, erosion and exposure to wave attacks. Other studies focus on vulnerability index building but offer little in the way of general methods or attention to socio-economic costs associated with coastal vulnerability (Hegde and Reju, 2007; Özyurt and Ergin, 2010) . Work by Snoussi et al. (2008) assesses the vulnerability of the eastern part of the Mediterranean coast of Morocco but offers little more than simple overlay analysis in which future inundation scenarios are superimposed on current broad land uses (urban, agricultural, tourism etc) and with no satisfactory attempt to estimate socio-economic costs. Marfai and King (2008) present a risk assessment of SLR, coastal inundation and land subsidence for Semarang city in the Central Java province of Indonesia. In some ways their approach is close to that adopted in this paper. Starting with DEM generated land elevation data and land subsidence scenarios they create successive GIS raster presentations of the effects of SLR, tidal water levels and inundation in order to calculate the total coastal area affected by inundation. To this they add population data by villages in the study area and the economic value of different land uses and the economic activities they harbor that are potentially affected. While only a rough cut approach to estimating costs, this study nevertheless illustrates the integration of readily available tools with local data in a structured fashion in order to create value added in terms of new information.
In an Israeli context, the work by Yehoshua et al. (2006) presents an ad hoc attempt at attaching monetary value to various sections of the Israeli coast. This is based on the loss of its use as an environmental good in the event of SLR of 1 m by 2060 and the consequent shoreline erosion. Using contingent valuation and travel cost methods for valuing public goods, they present annual discounted monetary values of coastline potentially flooded until the target date. This work attempts to monetize the partial costs of natural events in a very particular context using a method for valuing intangible coastal features.
Finally, a wealth of tools exists for evaluating socio-economic impacts of SLR and other extreme natural events (storms, hurricanes, floods). Many of these are accessible via the Ecosystem Based Management Tools Network (http://www.ebmtoolsdatabase.org/) a loose international alliance of tools, developers, users, NGO's, government agencies and research institutes which administers a repository of tools suitable for the management of marine and coastal environments. These are available in two primary formats: either as standalone models or as individual components in integrated packages (or 'toolkits').
The former category includes tools such as the Land Use Portfolio Model, LUPM (Taketa et al., 2010) which is an analytic framework for comparing across different risk reduction actions in the event of natural hazard scenarios. The method is rooted in the theory of portfolio analysis and evaluates the risk and returns of investing in different portfolios of mitigation methods and locations under a given natural hazard scenario (or set of scenarios) and given specific user preference schedules. The model outputs a set of indices common to the cost-efficiency paradigm that include the number of mitigated locations, costs of mitigation, return on investment and rate of return to mitigation, expected value of losses etc. The model looks at costs to both structural assets such as land, buildings and infrastructure and non structural commodities such as agriculture, livestock and capital resources (machinery). The chief obstacle to the general applicability of this tool is its data intensity. Hard estimates on hazard mitigation demand interdisciplinary inputs from engineering, materials science, economics etc. Invariably other bespoke models are needed in order to provide these estimates. One example is the use of the FEMA model for geospatial natural hazards loss estimation, HAZUS-MH (Buriks et al., 2004) as an obvious source of inputs for the LUPM. However this further compounds the problem of the accessibility of these bespoke models. More sophisticated models demand ever more sophisticated parameter inputs thereby decreasing their potential applicability.
The other form of tool delivery is as part of an integrated coastal management package. The tools offered in this instance are generally part of a suite of models, many of which serve as ArcGIS extensions. A key example is the 'resilient community' package (Hittle, 2011) which combines a GIS platform, a GIS extension for creating and comparing scenarios (Community Viz), a natural habitat-conservation tool (VISTA) and the NOAA methodology for identifying hazards, risks and producing hazard-risk maps. A similar but less integrated toolkit initiative is the 'Decision Support Tools for Marine Spatial Planning' (Coleman et al., 2011) which offers more of a toolbox than a systemic evaluation approach. The 'Inundation Toolbox' is an in-house tool developed by a commercial consulting company that couples a storm surge model with GIS to generate maps of areas at risk (www.asascience.com). A similarly integrated approach can also be found in the COAST model (Coastal Adaptation to Sea-Level Rise Tool) (Merrill et al., 2010) . This model is an advance on Colgan and Merrill (2008) . Aside from coupling the NOAA natural hazards model (SLOSH) with limited economic indicators it offers a much richer array of economic losses that define the 'economic floodplains' under threat. Aside from the standard costs of lost real estate value, economic output and infrastructure, the COAST approach also considers costs of displaced persons, lost natural resources and lost cultural resources.
Material and methods
Our approach is concerned with estimating the socio-economic costs associated with SLR and extreme coastal flooding events. We generate quantitative estimates of the effects of a given natural stimulus and show how to monetize the main costs of natural hazards. A series of coastal permanent inundation and periodic flooding scenarios is examined from an ex ante perspective. Despite our focus on costs, the main thrust of our approach is their quantitative impact rather than their social valuation. Unlike full-blown costebenefit analyses, we do not consider alternative uses or opportunities foregone given the currents costs but do endeavor to look at some of the broader socio-economic effects associated with the observed costs. In terms of identifying costs, our method follows the spirit of the IPCC (1992) Guidelines. We look at people displaced by SLR and placed at risk by EF, the value of land and capital stock lost through SLR inundation and periodic flooding and some of the welfare implications of these impacts. Together, these factors identify the parameters of socio-economic 'vulnerability'. We are aware of the lack of any consensual definition of this concept (Füssel and Klein, 2006) . However given our emphasis on creating an applied tool, we choose indicators that are measurable and operational. It should be noted that all our assessments relate to present conditions of the parameters assessed and do not project inevitable future changes (for example population increase, changes in-house values etc).
Our general approach is depicted in Fig. 2 . We delimit three stages, each characterized by three separate activities: data collection, data processing and outputs. Stages 1 and 2 are parallel steps dealing with the physical processes and the spatial distribution of population and assets affected, respectively. Stage 3 is a sequential step that combines the above and generates a comprehensive picture of local socio-economic costs. The data inputs and outputs generated in this process are summarized in Table 2 . To facilitate data description, each input/output in the table is given a unique identifier. We now describe the blocs of activity that comprise each stage.
Stage 1e creating inundation increment maps
In the first instance, inundation maps are created. These later serve as the platform for the spatial analysis. The borders of each inundation map are determined by two main factors: topography and hydrological connectivity to the sea.
Global SLR scenarios for the 21st century range from 0 to over 1.5 m (Grinsted et al., 2010; Meehl et al., 2007; Rahmstorf, 2007) . Due to constraints inherent in the elevation data, we use five different equal interval SLR scenarios: 0, 0.5, 1, 1.5 and 2 m (see Table 1a ). Periodical flooding is estimated by considering return periods (probabilities) of extreme high tides and extreme events such as Tsunamis (see Table 1b , c), again in increments of 0.5 m. The periodic flooding scenarios are combined with the SLR scenarios to account for the entire range of possible permanent inundation and periodic flooding possibilities.
Data processing
An automated procedure using ArcGIS geo-processing commands in Python is created for processing the data as follows:
An elevation contour layer (1C in Table 2 ) is interpolated into a raster format DEM (1E in Table 2) in order to be able to reclassify and distinguish between the land and the sea for each elevation increment. The contour layer is interpolated using ArcGIS "Topo to Raster" interpolation, which is specifically designed for the creation of hydrologically correct DEMs. This is an interpolation method that allows the fitted DEM to follow abrupt changes in the terrain, such as streams and ridges. In order to create a submerged area layer for each elevation increment the new raster elevation values are reclassified to a binary raster of sea and land, where the sea values include the land at elevations lower than or equal to the respective increment (the inundated area). This is done in 0.5 m increments. In order to mask out inland areas with no direct connection to the coastline, the reclassified output raster is converted into a vector layer. This enables erasing all polygons in the vector layer that are not hydrologically connected to the 'sea polygon'. The sea polygon includes the sea and the hydrologically connected inundated land. A vector layer of the current shoreline is used in order to extract the inundated area at each elevation increment from the sea polygon (1D in Table 2 ). Five future sea-level rise scenarios are considered: No SLR, 0.5 m, 1 m, 1.5 m, and 2 m (1A in Table 2 ). In these scenarios, inundation up to the new sea level is assumed to be permanent. On top of each sea-level scenario, the probabilities of shortterm non-permanent flooding from the sea, either by extreme high tides or by extreme events such as a Tsunami wave are considered (1B in Table 2 ). In addition, the whole 'Low Elevation Coastal Zone' (LECZ), defined by McGranahan (2007) as "the area below 10-m elevation which is hydrologically connected to the sea", is extracted as well. 1 The approach presented here is closer to impact analysis than any form of costebenefit framework. Despite our attention to 'costs', we do not utilize the arsenal of costebenefit analysis and its sub-fields (cost-effectiveness, cost-utility, cost feasibility) (Levin and McEwan, 2001 ). While we attempt to attach monetary values to costs, we are not concerned with valuation in the broader welfare economics sense of the term (producer and consumer surpluses, opportunity costs etc). However, our 'costs of impacts' approach can be reconciled with a standard costebenefit approach as has been noted by Burgan and Mules (2001) .
The output is a set of 0.5 m increment inundation maps (1F in Table 2 ) which define the spatial extent of our analysis and for which the future impacts of SLR and EF are assessed in Stage 3.
Stage 2 e spatially distributing assets and population and calculating costs
In the second stage our purpose is to collect social and economic data at different aggregate levels and to distribute it spatially. This allows us to generate estimates of the costs of SLR in social and economic terms, at a level of spatial disaggregation not generally available. To facilitate this we make use of a GIS buildings layer (described below) that identifies each structure and its use. Our use of GIS allows for the disaggregation of spatial units (for example total capital stock per region) into micro units (capital stock per m 2 )
and their re-aggregation into discrete units such as buildings, yielding total capital stock per building. In this way, we use GIS as a method for re-combining data in contrast to its more frequent use as a tool for visualization. Given a buildings' aerial footprint and height we calculate total floor space. This enables us to estimate the value of each residential building (using residential house prices per m 2 ), and the value of non-residential (industrial, commercial and office) buildings. We also estimate the value of industrial equipment and machinery which is done by proportionate spatial re-distribution of national capital stock. We spatially distribute aggregated population counts, employment distribution and monthly earnings that are available at the statistical area level (the finest level of spatial resolution for spatial data made available by the Israel Central Bureau of Statistics CBS), into single residential buildings. The GIS buildings layer allows us to distribute inhabitants into buildings and to accurately distribute the value of building assets. In the absence of a detailed buildings layer, more spatially aggregate distributions of the same parameters (population, earnings, capital stock etc) can be estimated at a lower level of spatial resolution. The notation for creating the various spatial distributions appears in the Appendix.
In addition to population attributes and the costs of building assets we also estimate costs of SLR and EF in terms of damage to roads and land use. We use the relevant GIS layers coupled with detailed spatial CBS estimates on the capital stock value of roads to estimate these costs.
Data processing
A polygonal building layer (2G in Table 2 ) containing land heights and roof heights of buildings is used to calculate the floor space in m 2 (the total area of a building multiplied by its number of floors) for each building.
Building height (H B ) is calculated as follows:
where H R is the building roof height and H L is the building land height (2G in Table 2 ). The number of floors in residential buildings (F R ), is calculated by dividing building height by average floor height of 3.5 m:
In the case of non-residential buildings, the number of floors (F N ) is estimated as the building height divided by average floor height of 5 m:
Floor space for each building (S B ) is then calculated by multiplying the number of floors in each building by its polygon area representing roof space:
where S R is the building roof space (2G in Table 2 ) and F is the building number of floors.
As previously mentioned, the GIS buildings layer with building type classification (2G in Table 2 ) serves as the basis for the calculation of residential building value, non-residential building and equipment value. This layer also allows for the spatial distribution of aggregated population counts (2C in Table 2 ) into building level inhabitant totals. Given the existence of these spatial estimates, the distribution of aggregate average monthly earnings (2D in Table 2 ) and occupational distribution (2E in Table 2 ) into a building level distribution is easily implemented.
In order to calculate residential building value, non-residential building and equipment value the building layer is overlaid by Table 2 Data sources used in the study: each data set is categorized as a tabular or spatial input or output. It is identified by a numeral depicting the stage in which it is used in the analysis (row) and a letter by which it is referred in the text (column).
the regional boundary layer (2J in Table 2 ) in order to attach regional attributes to each building.
To create estimates of residential building value we use average house prices for nine broad aggregated regions (2A in Table 2 ). The rationale for this regional classification has been presented elsewhere (Beenstock and Felsenstein, 2007) .
The average regional price per m 2 for residential buildings (P RR ) is calculated as follows:
where V RR is the regional average house prices (2A in Table 2 ) and H RR is the regional average household size (2A in Table 2 ). The value of each residential building (P BR ) is calculated as follows:
where S BR is the residential building floor space.
Non-residential building values (per m 2 ) by region (P RN ) is calculated as follows:
where S RN is the total regional non-residential floor space and V RN is the total regional non-residential building stock (2B in Table 2 ). The non-residential building value per m 2 for each region is multiplied by the floor space of each non-residential building to produce non-residential building values (P BN ):
where S BN is the non-residential building floor space. Regional non-residential stock estimates have been calculated by Beenstock et al. (2011) for the same nine aggregate regions.
Equipment value (per m 2 ) by region (P RE ) is calculated as follows:
where V RE is the total regional non-residential equipment stock (2B in Table 2 ). The equipment stock per m 2 for each region is multiplied by the floor space of each non-residential building to produce equipment stock totals by building (P BE ):
where the source for regional estimates of regional equipment and machinery stock is Beenstock et al. (2011) as above.
The average number of inhabitants per m 2 for residential floor space in a statistical area (I SR ) is calculated as follows:
where S SR is the total statistical area residential floor space and I S is the total population per statistical area (2C in Table 2 ). Population counts per building (I B ) are then calculated as follows:
Total earnings per building is calculated as follows: We calculate the total monthly earnings in a statistical area (M S ):
where M SI is the average earnings per household per month in a statistical area (2D in Table 2 ) and H S is the total number of households in a statistical area (2D in Table 2 ).
The earnings per m 2 of residential building in a statistical area (M SM ) is calculated as follows:
This figure is then used to produce the total earnings per building per month (M B ):
The distribution of inhabitants' occupations (2E in Table 2 ) per statistical area is multiplied by the number of residents in each building to calculate the total number of inhabitants in each occupational category per building (I O ).
where O S is the % of inhabitants employed in an occupational category (2E in Table 2 ) and I B is the population counts per building.
The value of roads infrastructure uses specially prepared CBS data on roads capital stock by natural regions (Frish and Tsur, 2010 ) (2F in Table 2 ). The relevant natural regions corresponding to our study areas are identified. For each area we isolate the amount of road infrastructure (2I in Table 2 ) likely to be inundated under our scenarios and convert this into a monetized value.
A land use layer (2H in Table 2 ) classifying the coastal zone into three principal land uses: open area, public and residential is used to characterize areas under threat. This layer covers the entire area as opposed to the building layer which only provides classification for actual built structures.
3.3. Stage 3 e assessing the level of 'local exposure'
In the final stage of data processing the inundation maps created in Stage 1 and the assets, calculated costs, distributed population and socio-economic attributes processed in Stage 2, are merged. The result is a comprehensive analysis of local exposure given the different SLR and EF scenarios.
The inundation layers produced in stage 1 (3A in Table 2 ) are overlaid with the buildings (3B in Table 2 ), land use (3C in Table 2 ), and roads (3D in Table 2 ) layers processed in stage 2. This results in layers of inundated assets, their costs and population socio-economic attributes profile (appended to the building layer). The inundated assets and inhabitants layers (3AeD in Table 2 ) are overlaid by a municipal boundary layer (3E in Table 2 ) in order to calculate municipal totals. Summary statistics are calculated for each inundation scenario producing total costs per municipality (3G in Table 2 ).
Results
We investigate the costs of SLR and EF under three main headings. Initially, we look at the land area and land use exposed to climatic change and extreme events and attempt to estimate the different levels of inundation and flooding under varying natural hazards scenarios (Tables 3 and 4) . We then progress to estimating the costs in terms of capital stock at risk. This encompasses the value of residential and non-residential structures threatened by SLR and EF, the equipment and machinery that is embodied in the latter and the infrastructure at risk as represented by road capital stock (Tables 5 and 6 ). Finally, we examine the population at risk that inhabits the structures exposed to natural hazards, including their earnings levels and occupational structure (Tables 7 and 8 ).
In each case we begin by observing the extent of the SLR floodplain for scenarios of 0.5 m, 1 m and 2 m SLR increases (Fig. 3) . This is considered permanent inundation and is estimated for the two largest coastal cities in Israel, Haifa and Tel Aviv and also nationally. We then progress to two EF scenarios: a 1:50 year high tide of 1 m and a 4 m Tsunami. The effect of the EF events is considered additional to the SLR. Therefore the data in the (nonshaded) cells in the relevant tables relates to the floodplain additional to the permanently inundated SLR floodplain (the shaded cells). The upshot of this is that as the scenario become more extreme, this is not necessarily translated into ever-increasing areas of inundation. This is due to the fact that natural topography plays a key role in determining the spatial extent of potential inundation. It could be that given the level of natural elevation, a more extreme natural event, for example a 4 m Tsunami riding on a permanent level of inundation of 2 m, produces less additional damage than a similar Tsunami that accompanies SLR of 1 m. We also calculate estimates for the whole low elevation coastal zone (LECZ) i.e. any area below 10 m elevation which is hydrologically linked to the sea bearing in mind that this area even if not flooded in the given scenarios is highly vulnerable to coastal perturbations. Finally, our estimates are presented for the whole Northern Coastal Plain that runs north from the city of Haifa to the Lebanese border. This area contains small coastal towns and rural communities and allows us to illustrate the flexibility of the estimation method for different spatial scales and municipal jurisdictions.
Land use and land area
In comparing Haifa and Tel Aviv it becomes obvious that the former is under greater potential risk to SLR and EF than the latter, both in proportional and absolute terms (Table 3) . This applies to both public land use and open areas. In terms of residential land use this is also the case but to a lesser degree. The relative share of residential inundation is higher in Tel Aviv than Haifa but of course the absolute levels of exposure to flooding are greater in the latter. Nationally, the inundation potential is negligible except for the case of public land use.
For smaller communities, the results are more striking. Small cities like Acre, Nahariya and Nesher can expect to have up to 60 percent of their public use areas and nearly 30 percent of their residential land uses inundated in the more extreme SLR and EF scenarios (Table 4 ). The small working class local authority of Nesher for example would seem susceptible to a 1:50 1 m high tide (irrespective of base SLR level). Similarly the historic town of Acre would be particularly affected by a 4 m Tsunami. However these extreme events have differential land use implications. In the case of Nesher, flooding is felt mainly with respect to Public Use land use (i.e. industrial and commercial land use). In the case of a tsunami hitting Acre, assuming more moderate levels of SLR means residential and non-residential land use flooding in equal proportions. However if the tsunami rides on SLR higher than 0.5, this has disproportionate impacts on the flooding of Public Use areas. When looking at the LECZ, other small communities seem exposed to climate related hazards. Foremost amongst these in the coastal municipality of Kiryat Yam which under the most extreme scenarios is forecast to experience over 90 percent flooding of all its land uses. The coastal town of Nahariya is relatively immune to all SLR and EF scenarios However 60 percent of both residential and public use land uses in the town are located below 10 m in the LECZ. 
Impact on capital stock
We estimate the extent of SLR inundation and periodic flooding damage to capital stock. This relates to residential, non-residential, equipment/machinery and road stock. The unit of analysis is the micro-level of the individual building and not the broad land uses, as in the previous section. We calculate total built area (i.e. roof space area) likely to be affected under the different scenarios and then expand this figure to include total floor space incorporating the total area of multi-storey buildings. While we are aware that periodical flooding generally results in ground floor inundation of multi-storey buildings, we assume that the extreme conditions of our scenarios will result in very limited accessibility to the structures and in severe damage to vital building infrastructure (water, sewerage, electricity). This will effectively render the other floors inoperable in the short-term.
Our results show that overall, total built area is inundated to a greater extent in Haifa than in Tel Aviv (Table 5 ). However when total floor space is counted, the latter overtakes the former in extreme inundation scenarios, for example in the case of a 1 m high tide that occurs under conditions of 2 m SLR. Again, in the case of the LECZ, despite the fact that total built area under threat is of similar magnitude in both Haifa and Tel Aviv, given the predominance of multi-storey structures in the latter, total floor space rendered vulnerable is nearly 4 times greater. When examining the impacts by type of building, a general pattern emerges of more damage to nonresidential structures for more moderate scenarios in both cities and more residential damage in Tel Aviv once the scenarios become more extreme and more high rise buildings are affected. In the entire LECZ, the picture is one of predominant risk to industrial buildings in Haifa and to residential buildings in Tel Aviv.
Quantifying this in monetary terms we get a similar picture. Costs to Haifa in terms of residential damage are negligible at less extreme scenarios but are non-negligible with respect to damage to industrial and commercial structures. Tel Aviv displays the mirror image of this pattern. For both large cities, equipment costs roughly follow those of non-residential structures. In contrast, the value of capital stock embodied in road infrastructure is consistently higher for Haifa than for Tel Aviv across all scenarios, although the gap does decrease the more extensive the magnitude of the flooding.
In the case of the small cities along the Northern coastal strip, we observe minimal damage when SLR is up to 1 m and more extensive damage in Nesher and Acre above this level (Table 4) . These same two communities are likely to suffer from additional flood damage through high tides up to 1 m (beyond the SLR inundation) but with negligible damage beyond that. A 4 m Tsunami is expected to engulf a floodplain beyond the SLR inundated areas adding the small municipalities of Kiryat Yam and Nesher to the areas at risk. It should be noted that Matte Asher and Zevulun are rural regional authorities and by nature have more limited built up areas and structures at risk. However the LECZ incorporates these areas as well. Reflecting their different economic functions, the expected flooding has differential impacts on residential and non-residential structures. For all scenarios a common pattern emerges: Nesher is likely to suffer more damage to industrial floor space than residential. This reflects the character of the municipality and its topography whereby commercial and industrial activity is concentrated in the low-lying areas and residential building on the hillside. Acre and Nahariya are expected to suffer damage to industrial and residential structures in roughly equal measures while most of the flood damage in Kiryat Yam is likely to affect residential buildings.
Under all scenarios, the value of damage to residential structures generally exceeds that to non-residential structures buy a factor of 2 or more. The one exception is in the Matteh Asher regional council area where the damage estimations are very volatile and change under the different scenarios and with different base inundation levels. In some cases (for example Acre), it would seem that the combination of SLR with an EF event evokes nearly the same monetary level of damage as that covered by the entire LECZ.
The value of damage to road stock is a function of the concentration of road infrastructure in the flooded area, as there is very little variance in construction costs along the northern coastal strip. The value of road stock affected under the different scenarios remains roughly uniform across the different communities. Large differences only begin to emerge under the most extreme scenarios such as a 4 m tsunami in addition to 2 m SLR.
Population at risk and their socio-economic profile
As described above, we allocate population to the structures likely to be exposed to SLR and EF. On this basis, we calculate displaced inhabitants. Knowing something about their earnings levels and occupations we extend the analysis to include a rough indication of the loss of earnings due to flooding. It should be noted that this is far from a definitive measure given that we are counting earnings and jobs at place of residence and not place of work (where they are generated). However it is reasonable to suggest that a worker whose home has been flooded represents a temporary loss of earnings and homeless workers are hardly likely to be productive at their place of work. Table 5 shows that displaceed populations in Tel Aviv exceed those in Haifa, for all scenarios. For the SLR inundation scenario and for flooding under high tide conditions, these estimates are moderate. They tend to increase dramatically under the Tsunami scenario. Translating this into earnings terms shows that there is a further disproportionate jump in lost monthly earnings in the case of Tel Aviv indicating the relative concentration of higher earnings in the city when compared with Haifa. For example, in the LECZ, each inhabitant in Haifa is 'worth' 5300 shekels in lost earnings in contrast to 8400 shekels in the case of Tel Aviv inhabitants. Similarly and reflecting these earnings differences, the distribution of jobs 'lost' (strictly speaking the occupational distribution of the those displaced through SLR and EF) shows a difference between Haifa and Tel Aviv. Extreme events in the former will elicit a proportionately larger loss in lower grade administrative sales and service jobs in the former. In the latter, workers in academic and management occupations are more likely to be displaced.
Roughly similar patterns on a smaller scale are expected along the small towns of the northern coastal strip. With the exception of Acre, the moderate flooding scenarios have very limited impact in terms of population at risk (Table 5) . Only with the advent of a 4 m Tsunami do other municipalities begin to experience significant numbers of displaced inhabitants. The monthly earnings impact is again a reflection of the socio-economic composition of the communities at risk. In the LECZ for example, a displaced Nahariya resident represents an earning loss of 5800 shekels while a displaced Kiryat Yam resident represents 74 percent of this figure and a displace Acre resident only 58 percent. The blue collar nature of many of the occupations that these residents occupy is reflected in the large proportion of industrial and sales/service jobs that characterize the occupational distribution of the flood-displaced inhabitants in these municipalities. Given the above GIS-generated numerical estimates, it is but a short step to produce map-based output of the results. Fig. 4 presents an illustrative 3D example of the LECZ at risk in Tel Aviv. It depicts the vulnerable buildings by type, number of inhabitants (residential buildings only), household earnings associated with them and total value of capital stock (all buildings). Similar maps can be produced for other extreme flooding or SLR scenarios and using different variables as available. Taken together, this gives the coastal planner a powerful visual tool for both illustrating and animating the risks of natural hazards. 
Conclusions
This paper highlights the way in which local coastal planners can generate meaningful new information related to land use, assets and population at risk, in their jurisdictions. Remarkably, this information is generally not readily available at a spatial scale useful to those charged with mitigating the local effects of natural hazards. We provide a structured framework for coupling scenarios of coastal permanent inundation and periodic flooding with socio-economic indicators and provide estimates of the monetized costs of such outcomes. Our emphasis is on method and application. As such we leave issues of economic value and welfare gains to further research. In similar fashion we also consciously avoid engagement with normative policy implications that might be implied from our empirics.
Instead, we choose to highlight the contribution our approach can make to coastal zone management praxis. Our major insight is that many of the platforms, data and skills needed to generate meaningful local information may be more accessible than hitherto appreciated. Real value added can be created by the judicious fusion of existing skills and capabilities. Instead of investing in macro level models on the one hand or micro-level, bespoke (and nontransferable) analyses on the other, the main thrust for embellishing the coastal zone planners toolbox needs to be enrichment of the existing stock of capabilities at hand. As shown above, the systematic geo-processing of socio-economic data allows for the creation of meaningful spatial distributions of variables of interest at a level of resolution useful to local planners. To achieve this we suggest three ground rules to assist in this process:
the prudent choice of a 'baseline' spatial distribution. This dictates the level of spatial resolution for which all socio-economic outcomes are presented. As illustrated above, this involves disaggregating data available at one spatial level of resolution (for example statistical areas or census tracts) and reaggregating at a higher level of detail (e.g. the level of the individual building). In our instance, the buildings data layer serves as the baseline distribution but of course, this level of detail may not be available in all instances. It should be noted that our method uses GIS capabilities for disaggregating and reaggregating data rather than the more universal GIS activity of mapping and visualization. the need to avoid double-counting when specifying a natural hazards scenario. This risk exists when multiple natural processes coalesce. In our context of permanent inundation and extreme periodical flooding it is obvious that the joint effect of these two processes should not be considered as simply additive but rather as incremental. Values for an EF scenario need to count the floodplain over and above that already permanently inundated under the SLR scenario. the imperative of integration: successful practitioner-driven tools are invariably hybrids that combine known features and platforms in an innovative way. Furthermore, the nature of coastal zone processes calls for integration across disciplinary boundaries, statutory jurisdictions and technologies. Integration is thus a key action in analyzing, mitigating and coping with natural hazards.
The potential of our approach lends itself to many extensions. An immediate embellishment in terms of the analytic framework would be moving from our costs of impact approach to a full welfare analysis. This would include answers to distributional issues such as do lower income populations suffer greater costs under our scenarios than higher income groups? Additionally, it is important to know the alternative uses of the resources and assets lost under our scenarios, in order to reach a proper indication of economic value. In this respect, we cannot assume that 'a job is a job' and 'a building is a building'. Another obvious improvement lies in the area of 3D visualization. A natural extension would be to automate the GIS procedure to generate 3D representations of the socio-economic outcomes at the building level. We have presented an illustrative example above but obviously this can be taken much further. Meeting these challenges would further improve the praxis of local coastal zone management. Table 2 ) V RN total regional non-residential building stock (2B in Table 2 ) V RE total regional non-residential equipment stock (2B in 
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